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TENSILE-STRENCTH INVESTIGATICN COF CAST-IRON
PISTON RINGS OF VARIOUS STRENGTHS

By Edmond E. Bisson and Harold D. Kessler

SUMMARY

Tensile tests were made of NACA microtensile specimens of
0.050~inch diameter secticned from finished cast-iron piston rings.
Tests were also made on NACA microtensile and bar spscimens sec-—
tioned from castings of L5,000 and 70,000 pounds per squarse inch
nominal tensile strength. Photomicrographs are presented in the
report to show the relation between graphite-flake size and tensile
strength and radiographs are given to show shirinkage cavities in
finished pisteon rings.

Tests of NACA microtensile specimens from finished piston rings
of various nominal trnsile strengths showed the following results:

Nominal tensile Average tensile

strongth strength from NACA
microtensile testis
(1b/sq in.) (1n/s8q in.)
L5 ,000 38,000 to 43,000
68,000 68,900
70,000 57,000 to 63%,000

In general, the test results of KACA microtensile specimens were
somewhat lower than the test results from bar specimens sectioned
from the same castings.

The metallographic examination showed that the lower strengths
were accompanied by larger graphite-flake sizes. Shrinkage cavities
had an adverse effect on the tensile strength of cast-~iron rings of
95,000 pounds per square inch nominal tensile strength, as shown in
radiographs and photomicrographs. .

The use of the NACA microtensile specimens in a tensile-strength
investigation has the advantage of permitting the use of finished
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piston rings which have been cast in a production manner. On the
basis of the agreement of test results from NACA microtensile speci-
mens with results from bar specimens, it is believed that the tests
on NACA microtensile specimens obtained frcm all portions of the
castings or rings glve representative tensile strengths.

INTRODUCTTION

As the power of an aircraft engine is increased, the precision
of construction and the quality of every engine part must be improved.
The piston rings are one of the Tirst narts to fail as the operating
loads and temperaturcs in an engine cylinder are increased. The type
of fajlure varies from scuffed and feathered rings, which result in
high oll consumption, to stuck and broken rings. One-of the important
properties of the piston rings from a ccnsideration of the resistance
to breakage is the tensile strengib of the ring material. The wear
properties of piston-ring matzrials may vary aporeciably with tensile
strength bnt resistance to wear is morz dependeat on other factors.

An investigation of the tensile sirength of cast-iron piston
rings was conducted early in 194k at the NACA Aircraft Fngine Rasearch
Laboratory. The prinaryr cbjest of tue investigation was to determine
the tensile strength of cast-iron piston rings of various nominal ten-
sile strengthks. & sccoudary object was to compare the NACA micro-
tensile method cf testing with the standard tensile-bar method of
testing piston-ring materials. Tike investization was concerned only
with the tensile strength of the rings and the effect of microstructure
on tensile strength.

Because of the nature of cast iron, the physical claracteristics
of the material arce dependent to a larg: extenl upon foundry troatmoent.
The problem therefore arose of how to investijate the material on the
basis of its wltimate tansile strenzth. One methoed in current use
consists in making special test castings having straight snactions that
can be used as tensile specimens. This standari method was one of the
two used in this investiration. The second method, developed at the
NACA, utilizes microtensile test specimens small enough to be sec-
tioned from finished piston rings. This second .netiiod has the advan-
tapge of permitting the use of piston rings cast in a production manner;
the results of this wmethod should thercefore be reprezentative of the
tensile strengths of piston-ring materials in the finished piston-ring
condition. In comparison with usual cast irons, piston-ring cart
irons have relativelw small graphite flakesy it is therefore believed
that microspecimens should be svitable for tensile tests of piston-
ring materials.,
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Microtesting of steel and iron has been the object of much dis-
cussion. In reference 1, a method of testing microtensile specimens
1s described in a study of welds where microtensile specimens of
0.059~inch diameter were sectioned from various zones of steel welds.
Eugene (reference 2) has described a method of testing small caste
iron specimens of 0.222-inch diameter in production control of a
cast-iron foundry. Each author states that his method of testing
microspecimens of homogeneous materials is comparable with standard
test methods within the expected scatter of results for cast irons.
Draffin and Collins (reference 3) state that this scatter may vary
as much as 10 to 11 percent for iron castings from the same pouring,.

TEST SPECIMENS AND APPARATUS

Specimens. - Two types of tensile specimen were used; +the bar
specimen (fig. 1(a)), which is a specimen generally used by ring
manufacturers in determining tensile strengthj and the NACA micro-
tensile specimen (fig. 1(b)). The NACA microtensile specimen is
approximately one-tenth the size of a standard A.S.T.M. 0.505-inch-
diameter tension-test specimen for cast ironj; however, a lonser
proportionate distance was left vetwewun the reduced area and the
thread. The increased length was required for greater ease in
handling the small test specimens.

The bar specimens were machincd from the straight sections of
the test castings (fig. 2). The MACA microtensile specimens were
sectioned from (1) the curved sections remaining after the straight
sections had been remcved from the test castings (fig. 3(a));

(2) the unfinished rough bar specimens (fig. 2(b)); (3) the machined
bar specimens (fig. 3(b)); and (L) the miscellaneous finished piston
rings (fig. 3(c)). The difference between the number of specimens
preparei and the number for which test results are reported resulted
from the fact that some specimens broke outside the gage length.

The diameters at the gage length of the specimens were measured
on a pedestal comparator to the nearest 0,0001 inch. Two perpen-
dicular diameters were measured. These diameters were averaged in
order to obtain the diameter used for calculating the cross-sectional
areas.

Radiecgraphy. ~ In order to obtain reliable results it was found
desirable to radiograph all materials before machining into tensile
specimens. The location of defective areas in the castings or rings
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was detected by radiographs and specimens were selected from both

defective and solid sections to test their respective properties.

Figures i and 5 are radiographs of finished cast-iron rings having
a nominal tensile strength of 95,000 pounds per square inch.

Ring AE~2 (lig. L4) and ring AE-10 (fig. 5(b)) had shrinkage cavi-

tiess ring AE-7 (fig. 5(a)§ was free from such defects.

Testing machine and holders. - The bar swecimens were tested
on a 120,000-pound-capacity universal hydraulic lesting machine
using the 6000-pound range of loading. A pair of 10,000-pound-
capacity Templin grips was usad to hold the snmecimons. (See fig. 6.)

The NACA nicrotensile specimens were tested on another
120,000-pound—-capacity universal hydraulic testing machine using
the 1200~-pound range of loading. Specially designed universal joints
were used in testing small specimens. The joints were alined until
eccentricity was reduced to a minimum. One end of each holder was
tapped for the soherical seating bolt used with the Templin grins,
The other end was tapped to hold the threaded specimen. TWigure 7
shows the holders aad the NACA microlansile specimen,

TEST PR0CEDURE

Two series ol tests were madr. In the first series, the ten-
sile strengths of MACA microtensile specimens from finished piston
rings were compared with nominal lensile strengths. In the second
series, the tensile strengths of NACA microtansile and bar specimens
sectioned from svecial castings were compared with each other and
with the nominal tensile strengins.

The actual procedure for running the tensile tosts was similar
to the procedure for testing standard-size specirens. A rate of
loading of 90 pounds per minute ms us2d in testing the NACA micro-
tensile specimens and a rate of loading of 750 pounds ner minute was
used in teating the bar spmscimens. Both rates of loading were chosen
to give approximalely the same sbress incraase per unit time.

Tests of NACA microtensile specimens from finishad niston rings. -
Tests of NACA microt:nsile spociiens from finished riaps were made
for comarison with the maqufactarer's nominal tensile strength
of their ring materials. Tests wore male of cast irous of 43,000,
63,020, 70,000, 80,700 and 95,000 pounds nar smure inch nominal ten-—
sile strength.

Tests of NACA microtensile snecimens and bar snccimens. - The
tests of NACA microtensile and bar specimens rore made on the fol-
lowing cast-iron samples: :
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(a) 70,000 pounds per square inch nominal, as cast and heat
treated .

- - -- (b) 70;000 pounds per square inch nominal, machined tensile
bars

(e) 45,000 pounds per s quare inch nominal, rough bar specimens
from test castings

Six NACA microtensile speclimens and two bar specimens were sec-
tioned from sach casting of 70,000 pounds per square inch cast iron.
Two samples of as-—cast and four of heat-treated castings were tested.
Of 17 bar specimens received from the ring manufacturer, 10 were
tested as bar specimens. Thse other 7 were sectioned into 3 NACA
microtensile specimens each (£ig. 3(b)) giving a total of 21 NACA
microtensile specimens.

Out of 10 rough bar specimens, 7 from castings of nominal
145,000 pounds per square inch.cast iron were machined into finished
bar specimens; 9 NACA nicrotenslile specimens were machined from the
other 3 rough bar specimens (fig. 3(b)).

Accuracy of tests. = The accuracy of the diameter measurements
by the padestal comparator was 10,5 percent. The accuracy of tensile
tests on bar epscimens was 0.5 nercent in the rauge of testing
(19170 to 2200 1b)e Ths accuracy of tensile tests on MACA microtensile
specimens was low, before corraction, in the range of testing (50 to
200 1b). A calibration curve (fig. 8) was determined for the
1270-pourd range ol the 120,000-pomd universal testing machine for
loads from 20 to 260 pounds. Tost loads were corrected to within
¥} percent of the true values using tho following formula:

actual load = machine reading Q - Eercenti.%g error

The ovor-all accuracy of testing after correction was within £2 per-
cente.

Metallography. — In order to Jdetermine the effect of the micro-
structure of the cast irons on the tost results, photomicrographs
were taken of umetched and stched specimens at a magnification of
200 diamaters. The svecimens were propared by rough polishing suc-
cessively on Mo. 2 through No. 000 grit emery papers. The specimens
were finish-polished first on a wax lap impreznated wiith 600 grit
alunina, next on a paraffin lap with levigated alumina, and last on
a wvelveteen cloth using magnesiwm oxide. Specimen etching was done
with a Lh-percent picral solution.
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RESULTS AND DISCUSSION

Tests of NACA microtensile specimens from finished piston

;iggg. ~ The results of tests of NACA microtensile specimens from
inished piston rings are shown in table I and flgure 9. The cast
iron of 95,000 pounds per square inch nominal tensile strength gave
widely varying results. A radiograph (fig. 4) shows that ring AE-2
had much shrinkage porosity. Results of these tests were conse-
quently low. Although ring AE-7 (fig. 5(a)) was free of defects,
tensile~test results indicate that this ring had a low tensile
strength. Ring AE-10 was radiographed before testing (fig. 5(b))
and specimens were selected from both defective and solid sections.
The widely varying results proved that a choice of sections is very
important. Tensile~test results in the defect-free sections of
ring AE-10 check closely with the nominal tensile value, whereas
the specimens having shrinkage cavities showed low tensile strength.
(See table I and fig. 9.)

Results for ring AF-2 (nominal tensile strength, 80,000 1b/sq in.)
were low. Because this ring was not radiographed before testing, it
is not known whether defects were responsible for the low values.

Results obtained on the cast-iron rings of 68,000 pounds per
square inch nominal tensile strength showed an average tensile
strength of 68,900 pounds per square inch. The average results of

the S%mch—diameter rings of 70,000 pounds per square inch

nominal tensile strength fell below the nominal value. Average tean-
sile values for the miscellaneous stock rings fell slightly below
Lhe nomrinal tensile strength of 45,000 pounds per square inch.

Tests of NACA microtensile specimens and bar specimens. - The
tests of NACA microtensile specir:ns and bar specimens (table I1I and
fig. 10) indicate that the tensile strengths of the NACA microtensile
specimens were 5.6 to 10.6 percent lower than the tensile strengths
of the bar specimens. A 9.2-percent difference in average tensile
strengths between NATA microtensile ard tar specimens was found for
specimens machined from as—cast castings of 70,000 pounds per square
inch nominal tensile strength. A 10.6-percent difference in average
tensile strength betwsen HATA microtensile and bar specimens was found
for specimens macnined from heat-treated castings of 70,000 pounds
per square inch nominal tensile strergth, These differances resulted
from the fact that MNACA rmicrotensile specimens were sectioned from
both weak and strong portions of the casting, whereas the bar sveci-
mens wers sectioned from only the strongest portions. The test
castings were s2 desipgned that the gates were at t e large arcs of
the casting (a3 shown in fig. 2). The areas in the croximity
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of the gates and risers probably have a great heterogeneity of
structure because of the lower cooling rates induced by the resulting
heavy section. The tensile strengths of the specimens secticned
from these areas therefore have the greatest spread and the lowest
average values.

The results of the tests on nominal 70,000 pounds per square
inch finished bar specimens support the explanation offered in the
previous paragraph for the difference in average tensile strength
between NACA microtensile and bar specimens. In these tosts, NACA
microtensile specimens were actually sectioned from bar specimens
and comparisons were made only on the basis of strong sections. A
difference in tensile strength between NACA microtensile and bar
specimens of 4000 pounds per squars inch (5.6 percent) resulted from
these tests.

The tests of bar specimens of 45,000 pounds per square inch
nominal tensile strength indicated a difference between NACA micro-
tensile and bar spocimans of 4000 pounds per square inch (8 psrcent).

Baged on the agreement of test results from NACA microtensile
snecimens with results from bar sp-cimsns, it is believerd that tne
tesis on NACA microtensile specimens obtained from all portions of
the cantings or rings give represenitative tensile strengths.

Table IT shows that tie range of Lmmsile strangths for bar
specimens vas relatively narrow vhen only two bars were tested for
cach set ol average values. Vhen sewn or eizht bars were tested
for ecach asct of aweraze valucc, t"» range of trnsilc strenaths was
much wider,

The ranre of values was wider for microtensile tests than for
har tests from ocach casting but, in cach case, a greater number of
microtonsile tests was rume The range of tensile values for an
cqual number of tests is approximately the same for NACA microtensile
anrl bar specimons. An explanation for ths wide range of valucs
obtained in thes microtonsile tests may lie in the varying graphite-
flake size of the NACA microtensile test specimens.

Metallographic study. - The average tonsile elrengths obtained
from tosts of a nwaber of NACA microtonsilc spacimens from each test
casting checked favorably with values cobtained from bar tests run at
AERL or by the ring manufacturers. Individual AZRL test3, however,
varied as much as 4O percent in soms cases, whersas the general range
of reproducibility of results of standard tests on cast irons from
the samp pouring is statsd in refersnce 3 to be 10 to 11 perconte
The variation in the AFRL tests may have becen due to differences in
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the graphite-flake size of the NACA microtensile-~test specimens.
Differences in graphite-flake size have more effect on test results
for microtensile specimens than for bar specimens because the
graphite flakes take up more proportionate area in the small than

in the large specimens. Differences in graphite-flake size were
gbserved by examining and comparing polished cross sections of NACA
microtensile specimens of high and low tensile strengths from
castings, bars, and rings. In general, for cast irons of 45,000,
68,000, and 70,000 pounds per square inch nominal tensile strengths,
the specimens of high tensile strength showed finer graphite-flake
sizes than the specimens of low tensile strength. (See figs. 11 to
17.) The NACA microtensile tests on cast iron of 95,000 pounds per
square inch nominal tensile strength showed that low tensile strengths
wore obtained when shrinkage porosity was present at the fracture of
the tested specizens. (See fig. 17.)

Figures 11, 12, and 13 illustrate the structural differences
between low-strength and the high~strength specimens of as—cast and
heat-treated cast irons of 70,000 powuds per sjuare inch nominal
tensile strength. «The large graphite flakes in the low-strength
specimens indicate that large flake size was probablv the causc of
the low-strength values of these cast irons. When the specirens
were etched with L-percent picral to determine if any additional
differences in structure could bs obsurwved, disregarding graphite
flakes, no other important diffarenccs in structiure wers found. (See
figs. 11 to 17.)

Figure 1L (cast~iron ring srecimens of 493,000 1b/sq in. nominal
tensile strensgth) also substantiatzs the fact that large graphite
flakes reduced the tensile strength. TFigurns 15 and 16 (cast-iron
ring specirens of 45,000 1b/sq in. nominil tensile stren«th) show a
difference in flake sixe hut the differcnce is not so outstanding
as shown in the provious figures. It shonld bc noted, howsver, that
the differences in tensile strength are not so great as they wers
in the higher-strength cast irons. Because the tensile strongths for
cast iron of L4%,000 pounds per square inch nominal tensile strangth
fell close to each other in most tests, it is believad that the
45,000 pounds per square inch nominal tensile strength matsrial has
a more homogenecous structure than the cast iron of 70,200 pounds per
square inch nominal tensile strength.

The effect of shrinkage cavities on tensile strength is showm
in figure 17. Figure 17(a) shows strinkage cavitias in a low-streneth
test speciren that vas sectioned from a Iinished niston ring of
95,000 pounds per square inch nominal tenzile strength; tests
showed that this specimen had a t~nsile strength of 60,600 pounds per
square inch. Fiegure 17(b) shows an almoct defzct~frne specimen that
was sactioned from the same ring; this spzeimen gave a test valus of
95,000 pounds per square inch.
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SUMMARY OF RESULTS

Results of tests of NACA microtensile specimens from finished

cast-iron piston rings of various nominal tensile streéngths showed
that:

1. The rings of 95,000 pounds per square inch nominal tensile
strength were greatly affected by shrinkage cavities. Average
results as high as 90,300 pcunds per square inch, however, wers
obtained by testing known defect—free areas of one ring.

2. The ring of 80,000 pounds per square inch nominal tensile
strength gave an average value of 71,300 pounds per square inch. No
radiographs were made of this ring and it is not known if shrinkage
cavities were responsible for the low tensile values.

3. The rings of 68,000 pounds per square inch nominal tensile
strength gave an average of 68,900 pounds per sgquare inch.

L+ The rings of 70,000 pounds per square jnch nominal tensile
strength gave an average value of 59,900 pounds per square inch.

5. Various rirngs of L5,300 pounds per square inch nominal ten-

sile strength gave average values slightly below the nominal tensile
strength.

6. Metallographic examination of high-strsngth and low-strength
specimens from given castings, bars, and rings showed that specimens
with larger graphite flakes had lowsr tensile strengths. No other
important structural differences werc observed.

Results of tests of NACA microtensils and bar specimens from
cast irons of 70,000 and 45,000 pounds per square inch nominal ten-
8lle strength showed that:

1. The NACA microtensile specimens from as-—cast test castings
of 70,000 pounds per square inch nominal tensile strenzth gave a
tensile strength 9.2 percent lower than the tensile strength of the
bar specimens. The heat—-treated test castings of 70,000 pounds per
square inch nominal tensile strength gave a tensile strength 10.6 per-
cent lower for the NACA microtensile specimens than for the bar
specimens. These differences can be largely attributed to the fact

that some NACA microtensile specimens were machined from low-strength
sections.
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2. The NACA microtensile specimens from finished bars of
70,000 pounds per square inch nominal tensile strength gave a ten-
sile strength 5.6 percent lower .than the tensile strength of the
bar specimens.

3» The NACA microtensile specimens from rough bars of
45,000 pounds per square inch nominal tensile strength gave a ten-
sile strength B percent lower than the tensile strength of the bar
specimens,

L. The results of the tests run at AERL on bar specimens of
70,000 and L5,000 pounds per square inch nominal tensile strength
checked closely with the results of bar-specimen tests made by the
manufacturer.

The use of the NACA microtensile specimens in a tensile-strength
investigation has the advantage of permitting the use of finished
piston rings which have been cast in a production manner. Based on
the agreement of test results from WACA microtensile specimens with
results from bar specimens, it is believed that the tests on NACA
microtensile specimens obtained from all portions of the castings
or rings give representative tensile strengths.

Aircraft Engine Research Laboratoery,
National Advisory Committee for Aeronautics,
Clevelard, Ohio.
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TABLE I

TESTS (F NACA MICROTEVSILE SPECTMENS FROM FTNISHED PISTCN RINGS
Nominal | Ring |[Type of piston ring|¥umber|Range of values Average
tensile | desig~[" Faes | Fominal |tested| (1b/sq in.) tensile
strength | nation " | 3iameter strength

(1b/sq in.) (1n.) (1t/sq in. )
95,000 | AE-2 6% L | 60,600-76,400 | 69,700
AE-7 6 | 7h,900-86,700 | 80,500
AE<10 7 | 31,500-98,200 | 90,300
AE-10 a3 | 57,100-59,600 | 58,300
80,000 | AF-2 6% L | 52,600-78,400 | 71,300
66,000 | Zv-1 gl L | 62,200-88,300 | 71,400
: 2Z-1 2 L | 58,300-72,300 | 66,1400

. 68 900 Avel;a.ge

70,000 | 1 gl L | 50,100-73,400 | 62,900 .

2 2 L | 53,500-62,800 56,900

) . 59,900 Aver‘age
145,000 512= 3 | 40,800-43,800 | 42,300
-5 |raper 5% 3 | 3u,000-41,300 | 38,500
B-20 |Beveled 5% L | 31,200-1,300 { 37,900
G—23 |Chrome- 6k L | k2,100-43,790 | 42,900

plated 8

F-23 [Flat 6% L | ko,700442,500 | 11,500

Sections show shrinkage cavities.

National Advisory Committee

for Aeronautics
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Cast iron HACA microtensile specinen Bar specinens Differ-
Nominal | Twoe [Cast-|[Number| Range of Number| Range of Average Snce bg;én
7T ’ - . . ween \
strangth ing |ftested! tensile testedl tansile tensile ) e,f :
. 21 - P s ot 1 microven—
(1b/sq num— strensth stronzth strength .
in.) ber (1b/sq in.) (1v/sq in.) { (1b/sq in.) sile and
- bar specl-
mens
(nercent
reduction)
(2)
70,000 |Az-cast| 1 5 2 56,170558,000157,100 9.2
cushe 2 3 2 {55,300-56,700{56,320
ings o Average 55,700 Average
70,000 |Haat-— 1 6 2 1£3,300-75,5300172,500 10.5
trzated| 2 5 2 69,700-72,100] 70,900
cast— 3 I 2 6L, 300453, 700 145,900
ings L 6 2 163,800-74,400]71,600
ge TT 4000 Average
70,000 |Bar _— | 2D g 43,000-7%,100}1 71,100 5.5
speci~
TANS
Le,000 {Bar — i L3, 80051, 000 e, 100 7 L0,100~58,200{50,100 3.0
gneci~-
mens
®Based on tie bar-spscimen strength S SRS I :
Set 00 bae DAr-ShReClmen Surenguil , Hational Advisory Committee

for Aeronaubics
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(b) NACA microtensile specimen. x]0.
Flgure 1. - Bar and NACA microtensile test specimens.
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(a) Test casting. (b) Rough bar specimens

Figure 2. -~ Test casting and rough bar specimens approximately % actual size
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(a) Test casting. (b) Bar specimen. '(c} piston ring.

NAT IONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 3. - Location of NACA microtensile and bar specimens taken from test castings,
bar specimens, and finished piston rings.
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Figure4:, Radiograph of ring AE=2 showing shrinkage cavities. Nominal tensile strength, 95000 pounds per sqhare inch,
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Typical shrinkage

cavities

(a) Ring AE-7,solid. S p— (b) Ring AE- 10,
: ' shrinkage cavities.

Figure 5 - Radiographs of rings AE-7 and AE- 10 showing shrinkage cavities in ring AE-I0. Nominal tensile
strength, 95,000 pounds per square inch. '
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-

Figure 6. - Test setup showing the Templin grips
sSpecimen.
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Figure 7. NACA microtensile-specimen test setup showing
the universal joints, holders, and an NACA micro-
tensile specimen.
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range, 1200 pounds. Actual load = machine reading (1 - percentage error),
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Nominal |[Nominal |[Ring
strength(dlameter {desig-
(1v/sq |(in.) nation Tensile strength, 1b/sq in.
to-) D . 20,000 ho,iooo _ 60,000 80,000 100,900
AF-22 Ay
T T PR  h:h: nRIUTIDBII N
’ 8 AE-10
84E-10
80,000] 6§ AP-2
ZY-1
68,000 6% 22-1
1
70,000 53 2
c-5
- 4| B0 NACA microtensile
45,000 5% and'6§ 6-23 | specimens
' F-23 . Manufacturer's
cnea nominal strength

Sections showing shrinkage cavities.
Figure 9.- Average results of tenslle tests on NACA microtensile cast-lron specimens from

finished piston rings of 45,000, 68,000, 70,000, 80,000, and 95,000 pounds per square
inch nominal tensile strength. '

(Data from table I.)
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tensile strength,

cast iron
Nominal |Type
strength Tensile strength, 1b/sq in.
‘i};{iq' 0 20,000 40,000 60,000 _ 80,000 100,000
70,000 |As cast Q§®§§§§N&§X§Q§X§Q¥N§§§N&
70,000 Heat .
treated W
Heat
70,000 trg:;zd- Bar specimens
N ey shgnosereie
_ Manufacturer's
15,000 Bars nominal strength

Figure 10, - Average results of tensile tests of NACA microtensile and bar cast-iron
specimens from test castings of 45,000 and 70,000 pounds per square inch nominal
(Data from table I.)
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NACA ARR No. E5B2I | B Fig. Ila,b

D S

Unetched Etched with 4-percent picral
(a) Tensile strength, 50,500 pounds per square inch. X200.

NACA
C-5453

Unetched Etched with 4-percent picral
(b) Tensile strength, 81,000 pounds per square inch. X200.

Figure 11. - Photomicrographs of specimens showing larger
graphite-flake sizes for the specimens of lower
tensile strength., All specimens were sectioned
from cast iron of 70,000 pounds per square inch
nominal tensile strength (as cast). Jest
casting 2.



NACA ARR No. ES5B21

Fig. 12a,b

Unetched Etched with 4-percent picral

(a)

Tensile strength, 61,500 pounds per square inch.

X200.

. NACA
Cc-5454
Unet ched

| Etched with 4-percent picral
(b) Tensile strength, 74,800 pounds per square imch. X200.

Figure 12. - Photomicrographs of specimens showing larger
- graphite~flake sizes for the specimens of [ow-

er tensile strength. All specimens were section-

ed from cast iron of 70,000 pounds per square
inch nominal tensi

le strength (heat treated).
Test casting 1. _



NACA ARR No. EBB2I
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(a) Tensile strength, 50,100

(b) Tens

Figure 13.
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Unetched Etched with 4-percent picral

pounds per square inch. X200.

Unetched

Etched with 4-percent picral
ile strength, 73,400 pounds per square inch. X200.

- Photomicrographs of specimens showing larger
graphite-flake sizes for the specimens of lower
tensile strength. All specimens were sectioned
from a heat-treated 5§-inch—nominal-diamerer

finished piston ring of 70,000 pounds per square
inch nominal tensile strength.



NACA ARR No. EBB2I © Fig. lua,b

M e S
Unetched Etched with 4-percent picral

(a) Tensile strength, 58,300 pounds per square inch. X200.

Unetched ' Etched with 4-percent picral
(b) Tensile strength, 72,300 pounds per square inch. X200.

Figure 14. - Fhotomicrographs of specimens showing larger

' graphite-flake sizes for the specimens of lower
tensile strength. All specimens were sectioned
from a finished piston ring of 68,000 pounds per
square inch nominal tensile strength., Ring 72-1.



NACA ARR No. E5B2I Fig. 15a,b

Uneteched Etched with 4-percent picral
(a) Tensile strength, 34,000 pounds per square inch. Xx200.

Unetched Etched with 4-percent picral
(b) Tensile strength, 41,300 pounds per square inch. x200.

Figure 15. - Photomicrographs of specimens showing larger
graphite-flake sizes for the specimens of lower
tensile strength. All specimens were sectioned
from a finished piston ring of 45,000 pounds
per square inch nominal tensile strength.

Ring C-5. :



NACA ARR No. ES5B82I : ' : Fig. I6a,b

Unetched Etched with 4-percent picral
(a) Tensile strength, 32,000 pounds per square inch. x200.
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| Unétched Etched with 4-percent picral
(b)  Tensile strength, 45,600 pounds per square inch. X200.

Figure 18. ~ Photomicrographs of specimens showing larger
graphite-flake sizes for the specimens of ten-
sile strength. All specimens were sectioned
from a finished piston ring of 45,000 pounds
per square inch nominal tensile strength.



by ] v._,‘ ot 4
Unetched Etched with 4-percent picral

(a) Representative sample showing defects in the form of
shrinkage cavities. Tensile strength, 60,600 pounds
per square inch. X200.

NACA
C-5459

Unetched Etched with 4-percent picral
(b) Representative sample of defect-free section from same

ring as (a). Tensile strength 95,000 pounds per
square inch. X200.

Figure 17. - Photomicrographs of specimens showing the dif-
ference in microstructure between high and Ilow
tensile~-strength specimens. All specimens were
sectioned from a finished piston ring of 95,000
pounds per square inch nominal tensile strength.
Ring AE-2. s
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